Abstract. Both respiratory syncytial virus (rSV) and human metapneumovirus (hMPV), a recently discovered respiratory pathogen classified in the Paramyxoviridae family, have been associated with acute respiratory tract infections (arTi) in infants. The aim of our study was to determine the incidence and clinical features of hMPV infection in infants presenting with arTi at a tertiary children's hospital in Greece during the 2007-2008 and 2008-2009 winter seasons. routine nasal swabs were obtained from 127 infants younger than 12 months of age. The specimens were tested for the presence of hMPV and rSV antigens using validated enzyme-linked immunoassays. The mean age of the studied infants was 3 months (range 19 days to 12 months). hMPV was detected in 8 (6.3%) children, 4 boys and 4 girls, while rSV was detected in 39 (30.7%) children, 22 boys and 17 girls. in 7 children, hMPV was identified as a unique viral pathogen, while only 1 child was co-infected with hMPV and rSV. Bronchiolitis was diagnosed in all hMPV-positive cases, while only two cases required hospitalization and supplemental oxygen therapy. our results provide further evidence of the importance of hMPV as a pathogen associated with community-acquired arTi in infants in Greece.
Introduction
The human metapneumovirus (hMPV) was first described in June 2001 (1) in children from the netherlands, and has since been shown to be a common respiratory pathogen presenting during childhood (1) (2) (3) . hMPV is a negative singlestranded rna virus of the Paramyxoviridae family and the Metapneumovirus genus, which shows a variable seasonal pattern affecting children more frequently during the winter and spring (4) . Serological studies have shown that almost 90% of children have been exposed to hMPV before the age of 5 years (5).
The incidence of hMPV infections worldwide accounts for at least 5-10% of acute respiratory tract infections (arTi) in hospitalized children and for at least 3% of patients who visit their general practitioner for arTi (2, 3) . The seasonality of hMPV infections resembles that of respiratory syncytial virus (rSV) infection, with recurrent epidemics during the winter months (3) . although hMPV infection has clinical characteristics similar to that of rSV, the precise epidemiological and clinical features of hMPV infection in childhood have yet to be fully established.
To the best of our knowledge, data on the presence and clinical impact of hMPV infections in children with arTi in Greece is limited. This study aimed to determine the epidemiological and clinical characteristics of hMPV infections among hospitalized and non-hospitalized young children with acute respiratory tract infections in athens, Greece.
Materials and methods
children presenting with arTi at the Paediatric emergency department of the 'Penteli' children's Hospital in athens, Greece, during the 2007-2008 and 2008-2009 winter seasons were enrolled. After clinical examination of infants presenting with respiratory infections, nasal wash aspirate specimens were obtained using a sterile catheter. Specimens were maintained at 4˚C and transferred to the Microbiology Laboratory at the 'Penteli' children's Hospital in athens on a daily basis. Specimens were obtained over a 24-month period encompassing two winter seasons.
The specimens were tested for the presence of hMPV antigens using the validated enzyme-linked immunoassay Biotrin hMPV eia (6) as recommended by the manufacturer (Biotrin international ltd., dublin, ireland). The hMPV eia is an antigen capture assay for the qualitative detection of hMPV antigens in human respiratory specimens. rSV was detected using the Tru rSV test (Meridian Bioscience europe, italy). This is a rapid, qualitative, lateral-flow immunoassay for the detection of rSV antigens in human respiratory samples (7) .
case notes for children included in this study were reviewed and clinical data were collected. Statistical analysis was performed using SPSS software version 11.5. demographic and clinical features were compared between hMPV/ rSV-infected and non-infected children using the χ 2 and the Mann-Whitney U tests. The cut-off for statistical significance was set at p<0.05.
Results
during the 24-month study period, 127 infants younger than 12 months of age with arTi were enrolled for the detection of hMPV and rSV: 63 infants during the 2007-2008 winter period and 64 infants during the 2008-2009 winter period. In all cases, specimen collection was adequate for laboratory analysis of both viruses.
Sixty-three children did not require hospitalization, while 64 children were admitted. among the hospitalized children, 55 were discharged with a diagnosis of bronchiolitis, 2 with upper respiratory tract infection, and 7 with pneumonia. among non-hospitalized children, 42 had an upper respiratory tract infection, while 21 had bronchiolitis. Bronchiolitis was defined as an acute respiratory illness characterized by wheezing on physical examination, with no radiological evidence of pneumonia. diagnosis of pneumonia was based on radiological evidence, while upper respiratory infection was characterized by the presence of rhinitis without auscultation findings on physical examination. The mean age of the infants included in our sample was 3 months (range 19 days to 12 months). Table i shows the demographic characteristics of the children included in our study.
hMPV was detected in 8 children, 4 boys and 4 girls, while rSV was detected in 39 children, 22 boys and 17 girls. The overall frequencies of hMPV and RSV infection were 6.3 and 30.7%, respectively. During the first year of the study (2007) (2008) , hMPV was detected in 6 (9.5%) children compared to only 2 (3.1%) during the second year (2008) (2009) ). The respective rates for rSV were 20/63 (31.7%) and 19/64 (29.7%). The months with the highest hMPV activity were february and March, while rSV was detected more frequently during the months of January and February. In 7 children, hMPV was identified as a unique viral pathogen, while only 1 child was co-infected with hMPV and rSV.
The demographic and clinical features, signs and symptoms of hMPV-positive (n=8) and rSV-positive (n=39) children with arTi included in our study are presented in Tables ii and iii. The median age of the hMPV-infected children was 3.5 months (range 20 days to 7 months), while the median age of the rSV-infected children was 5.5 months (range 35 days to 11 months). Bronchiolitis was diagnosed in all hMPV-positive cases, while among rSV-positive cases, bronchiolitis was diagnosed in 33/39 (84.6%), pneumonia in 1/39 (2.6%) and upper respiratory tract infection in 5/39 (12.8%) children. among the hMPV-positive cases, coughing occurred at a rate of 6/8 (75%), similar to the rate of infection with rSV (30/39, 76.9%). Vomiting occurred less often in cases of hMPV than rSV infection (1/8, 12.5% vs. 11/39, 28.2%). on physical examination, wheezing was noted more often in children with hMPV than in children with rSV infection (8/8, 100% vs. 34/39, 87.2%). rhinitis was noted at a similar rate in both rSV-and hMPV-positive children (3/8, 37.5% vs. 15/39, 38.5%). Two hMPV-positive (25%) and 19 rSV-positive (48.7%) children required hospitalization and supplemental oxygen therapy. The mean duration of hospitalization was 6.5 days among hMPV-or rSV-positive children and 4.5 days among hMPV/rSV-negative children (p=0.011). The means of the duration of supplemental oxygen therapy were 3.5 days for hMPV and 2 days for rSV (p=0.025). rSV and hMPV co-infection was detected in 1 child with bronchiolitis, who required hospitalization and supplemental oxygen therapy.
Discussion
in this study, the presence of hMPV was demonstrated in Greek infants with arTi. hMPV was detected in 8 infants at a rate of 6.3%. To our knowledge, this is the first study to report the incidence of hMPV infection in children with arTi in Greece. Previously, Xepapadaki et al (11) studied 56 Greek children hospitalized with acute bronchiolitis. investigators from other countries have described variable frequencies of hMPV infection in children with arTi specimens ranging from 2.6 to 25.3% (4, (8) (9) (10) . Our findings suggest that hMPV is a significant cause of hospitalization, a finding which is consistent with the results from other studies (8) . our results indicate a low incidence of hMPV infections in infants with arTi in Greece during the winter period of
2008-2009. This finding is consistent with previous data
showing that hMPV has both seasonal and annual distribution (8, (12) (13) (14) (15) . in a study by caracciolo et al (13) , the incidence of hMPV infection was 25. in our study, all hMPV-positive children, 2 hospitalized and 6 non-hospitalized, were diagnosed with bronchiolitis. hMPV has thus far been identified in children with either upper or lower respiratory tract infection or both, asthma exacerbation, croup, or influenza-like illness (4, 9, 8, 12, (14) (15) (16) . Bronchiolitis is the most common diagnosis in children identified as having hMPV infection, while upper respiratory infection, pneumonia and asthma exacerbations have been reported less frequently (4, 8, (12) (13) (14) (15) . in the study by dollner et al (15) , upper respiratory tract infections and mild-to-severe bronchiolitis were most common, but a relatively high proportion of hospitalized children developed severe pneumonia. hMPV infection has a milder clinical course than rSV infection (4, 11) . in a study by von linstow et al (9) , overall symptoms and clinical findings were similar among hMPV-and rSV-positive children, but more RSV-infected children required respiratory support.
in childhood, rSV is considered to be the most common pathogen of bronchiolitis, and is also identified in communityacquired pneumonia. However, in clinical practice, the cause in the majority of cases cannot be determined. hMPV has been proposed as the second most common pathogen after rSV in children younger than 3 years of age hospitalized with respiratory tract infections (4, 9, 12) . our study showed that during estrada et al (17) reported 5 children with severe hMPVassociated infection requiring admission to the Pediatric intensive care unit and a mean duration of 34 days of treatment. in the study by dollner et al (15) , 14 children with hMPV-positive ARTI required supplemental oxygen, 1 was treated with continuous positive airway pressure and 2 were ventilated mechanically. in both studies, half of the children had an underlying chronic disease, including neurological disorders and asthma. in the study by noyola et al (12) , an underlying disorder was noted in 25.6% of hMPV-positive children, including prematurity, congenital heart disease, neurological disorders, malignancies and congenital malformations. in a study by dare et al (18) , hMPV proved to be a more frequent infection than adenovirus, RSV, influenza A and B and paramyxoviruses 1-3 in lung transplant recipients with respiratory symptoms (19) . in our study, none of the hMPVpositive patients were admitted to the Pediatric intensive care unit. one hMPV-positive baby was born prematurely; however this did not play a significant role in the clinical picture or outcome of hMPV infection.
rSV and hMPV co-infection was detected in 1 child with bronchiolitis, who required hospitalization and supplemental oxygen therapy. RSV and hMPV co-infection has been detected in several studies (4, 8, 13, 14) . in a study by Williams et al (4) , the co-infection rate was 6% among hMPV-positive children, while other researchers (10,13) have detected hMPV/RSV co-infection more frequently, at rates of up to 30.8%. rSV/hMPV co-infection has been proposed as a risk factor for severe respiratory tract infection during childhood (10, 13) . in the study by caracciolo et al (13) , hMPV/rSV co-infected children developed pneumonia more frequently than hMPV infected children. in the study by foulongne et al (10) , the duration of hospitalization and the requirements for supplemental oxygen were increased in hMPV/RSV co-infected children compared to hMPV-or rSV-positive children. However, other investigators have noted no apparent difference in the clinical severity, duration of hospitalization or requirement of oxygen between children with co-infections and children infected with hMPV alone (9, 13) . further research is therefore required to investigate the possible role of hMPV/rSV co-infection in the pathogenesis of respiratory tract infection during childhood.
despite the lower sensitivity of immunoassays compared to rT-Pcr (20) , the Biotrin hMPV eia has been optimized as an immunoassay with excellent specificity (6) . Recently, in the study by Kukavica-ibrulj et al (6) , hMPV eia showed a sensitivity of 81%, a specificity of 100%, a positive predictive value of 100% and a negative predictive value of 77% compared to viral culture and rT-Pcr. Moreover, the usage of fresh samples in our study increased the sensitivity of our method, as cycles of freeze and thaw lead to antigen degradation, affecting antigen detection. detection of hMPV by ELISA is a rapid, non-expensive and sensitive laboratory method that can be introduced into clinical practice to detect hMPV in children with arTi.
in conclusion, hMPV was detected in the respiratory secretions of 6.3% of infants under 12 months of age with arTi. our results provide further evidence of the importance of hrSV and hMPV as pathogens associated with communityacquired ARTI in infants. They also indicate a low incidence of hMPV infection in hospitalized infants in Greece during the 2008-2009 winter period compared to the 2007-2008 winter period. all our hMPV-positive patients had a mild clinical course. To the best of our knowledge, this is the first study to report the incidence of hMPV infections in infants with arTi in Greece. The development of new molecular diagnostic tests may enable us to clarify the viral causes of acute respiratory tract infections in clinical practice.
